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Abstract
Background: Malaria incidence has been reported to decrease substantially in parts of sub-Saharan Africa,
including the Zanzibar Archipelago in East Africa. A cohort study with an intensive follow-up on Pemba Island just
before the onset of the highly successful malaria control intervention was conducted. The reported estimates of
parasite prevalence and incidence can serve as a robust baseline to evaluate the effect size of the successful
interventions and the potential contribution of quality controls and other factors associated with research studies
in the decreased estimate of transmission.
Methods: In a rural clinic, two successive cohorts of 537 children total aged 2-23 months were followed for six
months each with an intensive visitation schedule of bi-weekly follow-up. Robust estimates of incidence and
prevalence according to four different malaria definitions were obtained.
Results: Malaria incidence and prevalence placed Pemba Island in a hyperendemic rather than holoendemic
setting for the years 2003-2005. Overall parasite prevalence was estimated to be 39% - with monthly estimates
varying between 30% and 50%. Incidence of malaria varied between 2.3 and 3.8 malaria episodes per year based
on a diagnosis of fever and various microscopy-based parasite thresholds and between 4.8 and 5.7 based on a
diagnosis of fever and 100 parasites/microliter analogous to detection by rapid diagnostic tests. Both parasite
densities and malaria incidence increased with age and rainy season. Malaria incidence also varied substantially
between the individual villages within the study area.
Conclusions: Pemba Island was previously considered holo-endemic for Malaria. The data suggest that the
transmission situation on Pemba Island was significantly lower in 2003-2005 suggesting a hyper-endemic or meso-
endemic transmission environment. The figures were obtained just before the onset of the highly successful
malaria control intervention by impregnated bed nets and IRS on the Zanzibar Archipelago and provide robust
estimates of the malaria transmission situation prior to the control programme. Together with other published
data, the results suggest that malaria transmission had started to decrease before the onset of the control
programme. The local heterogeneity in malaria incidence highlights the importance of a micro-epidemiological
approach in the context of malaria control and elimination.
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Malaria incidence has reportedly decreased substantially
in parts of sub-Saharan Africa, including the Zanzibar
Archipelago in East Africa. A number of reasons have
been proposed to explain this positive trend - among
them successful control interventions, more specific
diagnostic capabilities, and demographic patterns includ-
ing better access to care. However, the extent of the
decrease is still somewhat surprising and leaves room
for speculation if the full range of explanations is being
properly evaluated.
The results are reported of a cohort study that was
carried out on Pemba Island, which is located north of
Zanzibar Island and is part of the Zanzibar Archipelago.
The island is densely populated with approximately
300,000 people in an area roughly 70 km long and 30
km wide. Malaria had almost been eradicated on the
island in the 1950’s. By 1979, 11 years after the suspen-
sion of the control programme, malaria had re-estab-
lished itself on the island [1]. At the time of this study
(2003-2005), Pemba Island was considered holo-ende-
mic for malaria [2,3], with perennial transmission peak-
ing shortly after the two rainy seasons. Plasmodium
falciparum malaria is the leading cause of morbidity
and mortality in children on the island of Pemba [4,5].
The study was performed just before the start of the
highly successful transmission reduction programme,
that used insecticide-treated bed nets (ITN) and indoor
residual spraying (IRS) [6]. Artesunate combination
therapy (ACT) was introduced in September 2003
according to the Zanzibar Ministry of Health guidelines
- however, ACT was not widely available in government
health facilities on Pemba Island at the time of the
study.
Incidence and prevalence estimates of the pre-inter-
vention period are essential to evaluate the impact of
the current programme. Robust estimates of parasitae-
mia prevalence including quality control of microscopy
and robust estimates of incidence according to three
laboratory-based malaria definitions and the presump-
tive IMCI definition were calculated. In addition to sea-
sonal variation of parasite prevalence and malaria
incidence using four different definitions, the local het-
erogeneity of incidence in the micro-epidemiological
context of central Pemba Island was described.
Methods
Study design
The study took place between December 2003 and Janu-
ary 2005 in three adjacent administrative units ("she-
hias”) on Pemba Island, Zanzibar, Tanzania. The shehias
of Kiungoni, Pandani and Finya are located in Wete and
Michweni District, about halfway between Chake Chake
and Wete Towns. Kiungoni, Pandani and Finya are
comprised of 17 sub-villages distributed over an area of
around 65 square kilometers. The area has a rural char-
acter with fishing, farming and clove production as
main income generating sources.
The design was a prospective cohort with bi-weekly
active follow-up over a period of 12 months. Two
cohorts of 298 and 253 children each, aged 1-23 months
at enrollment, were recruited and followed for six
months each over the period of one year total. The chil-
dren enrolled represented 80-90% of the total children
per village in the age range of 3-15 months.
Informed consent was sought with the village com-
mittee first and after that with individual caregivers.
W r i t t e ni n f o r m e dc o n s e n tw a sa c q u i r e df r o me v e r y
guardian before a child was enrolled into the study.
None of the guardians of a child declined consent at
enrollment. Ethical clearance was obtained from the
Johns Hopkins Bloomberg School of Public Health
Institutional Review Board and the Zanzibar Health
Research Council.
The study was nested within a larger zinc/iron supple-
mentation trial with a two-by-two-factorial design that
was recently completed on Pemba Island, Tanzania [3].
All necessary infrastructure for field visits and specimen
collection were already present. At the time when this
malaria study started, the zinc/iron trial had been
reviewed by the Data Safety and Monitoring Board
(DSMB) and the iron component was discontinued.
Thus, for the duration of this study, supplementation
was either zinc or placebo (which was vitamin A) [7].
Study population
5 3 7c h i l d r e na g e d1 - 2 3m o n t h sa te n r o l l m e n tw e r e
included in the analysis. Table 1 shows the basic demo-
graphics of those 537 children. Children in the second
cohort came from families with a higher family-income
on average (p < 0.001). Also bed net use at enrollment
was more prevalent in the second cohort (p < 0.001).
Age and gender were equally distributed between the
two cohorts.
Children were censored from the study when their
caregivers either actively refused further participation or
when the children missed four consecutive visits that
were scheduled every two weeks. Altogether 67 children
(12.2%) were lost to follow-up - most of them due to
refusals (N = 37) or outmigration (N = 15). Data on
these children were used for analysis up to the point of
censorship. 13 children had to be censored completely
from the analysis because they only presented for the
enrollment visit. One child was removed from the analy-
sis because of ineligible age at enrollment (49 months).
Two children were referred for further medical
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during the observation period.
Data and sample collection
At baseline, a clinical examination and a structured
questionnaire were administered and a capillary blood
specimen was taken. After the baseline examination,
every two weeks a follow-up clinical examination and a
capillary blood specimen for malaria smear, full blood
count, including haemoglobin, and a PCR-filter paper
for later genotyping of the parasites, were conducted.
A rural clinic was held every day except weekends.
Mothers were informed about the results of the blood
smear, haemoglobin and white blood cell counts from
the previous day and given malaria treatment if appro-
priate for their children according to WHO recommen-
dations and guidelines of the Ministry of Health (MOH)
in Zanzibar. Mothers/caretakers of the children were
given a scheduled date of return approximately two
weeks after their last visit each time they attended the
clinic even in the absence of any health problem. The
mothers were encouraged, however, to attend the clinic
any day of their choice in case of a health problem with
their child. The clinic was open five days a week for
children up to five years of age, so that elder siblings of
t h ec h i l d r e ne n r o l l e di nt h es t u d yw e r ee l i g i b l ef o rf r e e
treatment. Free treatment was also given for non-malar-
ial illnesses like diarrhoea, pneumonia and ARI, skin
infections (both bacterial and fungal) or otitis media,
which could be treated in a peripheral health care set-
ting. If hospitalization was necessary, the child was
given free transport to the main hospital of the island
on the same day. If a child was investigated for a health
problem at a given day, the next visit was scheduled two
weeks from that date of investigation.
Blood slides for malaria parasites were prepared
according to standard protocols and read against 200
white blood cells [3,8]. Standard quality control proce-
dures included microscopist reading blinded his or her
own slides from the previous day as well as those of
other microscopists. Double data entry occurred every
d a yi nt w os h i f t si nad a t ae n t r yf a c i l i t ya tt h eP e m b a
Public Health Laboratory (PHL), together with data from
the “umbrella” zinc-iron-trial, in which the study was
nested. Quality control measures and internal checks for
data entry were implemented. Data were analyzed using
STATA 9.2 (StataCorp, College Station, TX, USA).
Malaria definitions
Three laboratory-supported definitions of a clinical
malaria episode and the presumptive IMCI definition of
clinical malaria were used:
1. A child presenting with 5,000 parasites per micro-
liter plus history of fever (last 48 h) or fever (≥ 37.5°
C) at presentation [9].
2. A child presenting with either a) documented
fever (≥ 37.5°C) and a parasite count of more than
1,000 per microliter; b) history of fever (last 48
hours) and a parasite count of more than 3,000 per
microliter; or c) a parasite count of more than 8,000
per microliter. This definition was developed and
used in the zinc/iron trial [3,7], in which this study
was nested.
Table 1 Demographic characteristics of 2 cohorts of children on Pemba Island, Zanzibar
First cohort (N = 291) Second cohort (N = 246)
No. % No. %
Age at enrolment
1-6 m 109 37 97 39
7-12 m 130 45 75 31
> 13 m 52 18 74 30
Gender
Male 142 49 111 45
Female 149 51 135 55
Household income ($/month)
< 10 132 45 33 13
Oct-40 147 51 179 73
> 40 12 4 34 14
Bednet use by child
No 191 66 111 45
Yes 67 23 129 48
Don’t know 33 11 16 7
Study period December 15, 2003-June 15, 2004 August 15, 2004-January 15, 2005
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liter plus history of fever (last 48 h) or fever (≥ 37.5°
C) at presentation. This definition represents the
performance of most malaria rapid diagnostic tests
(RDT) or “malaria dipstick test”.I ti sa l s ov e r yc l o s e
to a definition occasionally used in the literature of
‘any parasitaemia plus history of fever (last 48 h) or
fever (≥ 37.5°C) at presentation’.
4. A child presenting with history of fever (last 48 h)
or fever (≥ 37.5°C) at presentation and no sign of
invasive bacterial disease (e.g. bacterial pneumonia)
by clinician’s judgement (IMCI definition).
The monthly malaria incidence rate was calculated
using a person-time approach. For a conservative esti-
mate missed days (defined as any days exceeding the
retrospective assessment of 14 days prior to a visit to
the clinic) were subtracted from the denominator as
well as days not under risk if a child was diagnosed
with a malaria episode (where the following seven days
were subtracted from the denominator). The incidence
rate was calculated just based on the total follow up
time per child (defined as the period between first and
last visit). Both estimates give a plausible range for the
true malaria incidence rate per malaria definition.
Results
Between 10 and 15 visits were recorded per child
(mean 12.6; SD 2.6) and compliance was very good.
Eight children died with unknown cause (a mortality
rate of 3% per year). All deaths were followed up with
verbal autopsies within four weeks of the death. In one
case, the child died immediately after enrolment indi-
cating that the illness was already in progress. In the
majority of the other cases a probable diagnosis lead-
ing to death could be made. An acute fever episode
with or without convulsions was the most frequent
clinical picture leading to death, which results in
malaria and/or pneumonia being the most likely diag-
noses. Measles was included in the cause of two
deaths. A total of 6,125 visits were counted over total
follow-up time. At every visit, except 14 with missing
data (where a blood slide could not be obtained
because of technical reasons or objection from the
caretakers), a blood-slide for malaria parasites was
taken and analysed according to standard procedures
[3]. Altogether 2,331 out of 6,111 blood slides (38.1%)
over the whole period of about one year (December
2003 - January 2005) were positive for asexual stages
of P. falciparum. Documented fever (temperature ≥
37.5°C) was present in 26% of the parasite-positive vis-
Figure 1 Rainfall and parasite prevalence by microscopic densities per microliter per 2-week period in two cohorts totaling 537
children on Pemba Island. Any microscope positive bloodfilm (red circle); greater than 1,000 parasites/microliter (green circle); greater than
5,000 parasites/microliter (orange circle); and greater than 10,000 parasites/microliter (grey circle).
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either by history or documented was present in 48% of
the parasite-positive visits and in 28% of the parasite-
negative visits. Asymptomatic parasitaemia was defined
as any parasite load (by microscopy) greater than zero
without fever (≥ 37.5°C) or negative history of fever in
the prior 48 hours. Asymptomatic parasitaemia was
confirmed in 19.1% of all visits and in 5.8% and 2.5%
with parasite densities above 1,000 and 5,000 parasites
per microliter respectively. Only 39% of the children in
this study were reported to sleep under a bed net at
t h et i m eo fe n r o l l m e n t( s e eT a b l e1 ) .
Parasite prevalence per two-week period ranged
between 30-50%. Absolute parasite prevalence as well as
relative parasite densities were highest during and
shortly after the rainy season in April/May and Novem-
ber/December (see Figure 1).
For malaria incidence, three laboratory-based malaria
definitions (two involving microscopy and one involving
a RDT) were compared to the presumptive IMCI defini-
tion. By the rather stringent definition of malaria with a
parasite threshold of 5,000 per microliter, malaria inci-
dence is estimated to lie between 2.3 (based on total fol-
low up) and 2.6 malaria episodes per child per year in
Figure 2. Using the malaria definition adapted from
recent research on the island (varying parasite threshold
level according to ascertainment of fever) incidence is
estimated between 3.2 and 3.8 episodes per child per
year. If a definition with a detection threshold of 100
parasites per microliter is used, between 4.8 and 5.7 epi-
sodes per child per year are estimated. This definition is
similar to detection thresholds of currently used RDTs.
By the ICMI definition of documented fever or history of
fever without signs of invasive bacterial disease between
8.7 to 10.2 episodes per child per year are estimated.
If incidence is calculated separately in three age
groups over the study period (1-6 months; 7-12 months;
13-24 months) a seasonal effect is present as with para-
site prevalence (see Figure 3). The IMCI definition gives
much higher estimates of incidence in the two younger
age groups (during the first year of life), whereas in the
children from 13-24 months the difference between the
IMCI definition and the other three definitions is less
pronounced. Yearly incidence estimates increase with
age at different rates, but with a similar pattern, as pre-
sented in Figure 3. By the end of the first year, they
seem to reach a plateau or increase at a slower rate.
Yearly malaria incidence varied substantially between
the 17 (sub)villages within the study area mapped in
Figure 4 (each with on average 31 children; range 14-
53). Figure 5 shows the variation in incidence (including
confidence intervals) for the four definitions. Incidence
measured by the strict 5,000 definition varied between
0.5 episodes per year and five episodes per year
depending on location. The incidence by the IMCI defi-
nition not only provides the highest average, but also
the biggest variations. The density dependant definition
is comparable to the strict 5,000 definition, with some
m o r ev a r i a b i l i t yb e t w e e nt h ev i l l a g e s .T h eR D Tb a s e d
definition was approximately 60% of the IMCI defini-
tion. Two villages were well outside the range of most
other villages throughout all four definitions (village 6.2
with high incidence and 7.7. with rather low incidence).
Figure 2 Yearly incidence per month per three age groups in a
cohort of 537 children on Pemba Island by 4 malaria
definitions. Any fever (green); fever and confirmed microscopy with
greater than 100 parasites/microliter (blue); documented fever and
greater than 1,000 parasites or any fever and greater than 3,000
parasites or greater than 8,000 parasites (orange); and any fever and
parasites greater than 5,000/microliter (brown). Age at start of study
A) ≤ 6 months; B) 7-12 months; and C) 13-22 months. Cells with
less than 500 days of risk in the denominator were omitted from
the analysis.
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Estimates of malaria incidence estimates are highly
dependant on the definition used. By using four differ-
ent definitions to provide a plausible range of incidence
in order to make comparisons across sites was
attempted. In cases where the absolute number of epi-
sodes per year is difficult to compare across sites, the
age pattern of incidence can still be a good point for
comparison. Incidence rates in holo-endemic regions as
in the mainland of Tanzania are reported to peak
towards the end of infancy and then decrease [10]. A
pattern was described consistent with less intense trans-
mission, where an increase in the first year of life is
observed and a plateau phase or slower increase during
the second year of life (Figures 3a and 3b).
Pemba Island was previously defined as a holo-ende-
mic area for Malaria [2-5] similar to coastal Tanzania
where the transmission intensity (Entomologic Inocula-
tion Rate) is estimated to range from 200 - 500 infec-
tive bites per year [4,11]. The observed parasite
prevalence rates ranging from 30% to 50% are consid-
erably lower than those previously published for
Pemba Island in the late 1990’s and place the island in
a hyper-endemic, rather than a holo-endemic transmis-
sion category [12]. In spite of limited comparability of
parasite prevalence rates in the age range 0-2 years
Figure 3 Yearly incidence by age in months according to 4 different definitions of malaria in two cohorts of 537 children total.A n y
fever (green); fever and confirmed microscopy with greater than 100 parasites/microliter (blue); documented fever and greater than 1,000
parasites or any fever and greater than 3,000 parasites or greater than 8,000 parasites (orange); and any fever and parasites greater than 5,000/
microliter (brown). A) Estimate per month of age; B) Smoothing by lowess regression. The 95% confidence level was within +/- 40% of the value
plotted.
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Page 6 of 10Figure 4 Map of the area on Pemba Island with geographical locations of 537 children in 17 sub-villages.
Figure 5 Local heterogeneity in yearly malaria incidence: incidence is presented per subvillage (N = 17) including 95% confidence
intervals. A) malaria 5,000 definition; B) IMCI definition; C) density-dependant definition; D) RDT definition.
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pling variation over the age range. This observational
cohort for malaria was nested in the larger vitamin A
and zinc supplementation trials. This could also have a
small impact on malaria rates observed here. Table 2
shows previously published figures on parasite preva-
l e n c ef o rP e m b aI s l a n da sw e l la ss o m eo t h e rs i t e si n
coastal East Africa. Other recent publications with
sampling done around 2001-2003 confirm the lower
transmission intensity observed in this study [14,15].
The highly successful control strategy of combining
ACT with ITNs and IRS on the Zanzibar Archipelago
[6] started after this study was carried out and further
decreased parasite prevalence rates to almost zero in
some districts of Zanzibar Island and to 1.4% for the
most part of Pemba Island as of 2007 [16].
Regarding the successful malaria control intervention
on the Zanzibar Archipelago, the estimate is ques-
tioned of the effect size that is implied when the
baseline for the highly successful control strategy for
Pemba Island is assumed to be that of a holo-endemic
setting as the evidence suggests that transmission
intensity was decreasing prior to the onset of the
intensive malaria control programme. The lower para-
site prevalence and incidence figures in our study
could be caused by a number of reasons - some of
which are directly related to the research study itself.
The intensive follow-up including the provision of
transport actually provided a better access to care. In
addition, a quality control component for malaria diag-
nosis was implemented, which in itself could lead to
lower estimates. Another contributing factor could be,
by closely observing and treating malaria episodes as
they occur in a cohort study, a situation similar to that
of “intermittent presumptive treatment” was created,
which as a control strategy was proven to decrease the
number of malaria episodes in children [17]. As only a
relatively small proportion of the total population
Table 2 Parasite prevalence rates from the literature on Pemba Island and coastal East Africa for the 1
st and 2
nd year
of life
Parasite prevalence Age group/N Location/time of sampling Source
Pemba Island
76.90% 4-11 months Kengeja village, Sept. 1996 Stoltzfus et al., J Nutr 130: 1724-33, 2000 [5]
N=3 9
80.40% 12-23 months Kengeja village, Sept. 1996 Stoltzfus et al., J Nutr 130: 1724-33, 2000 [5]
N = 112
33.90% 5-19 months Wete district, Feb-May 2001 Olney et al., J Nutr. 137(12): 2756-62, 2007 [15]
N = 771
30% 5-9 months Wete district, May-June 2002 Olney et al., J Nutr. 139(4): 763-772, 2009 [14]
N = 256
34% 14-Oct Wete district, May-June 2002 Olney et al., J Nutr. 139(4): 763-772, 2009 [14]
N = 315
37% 15-19 Wete district, May-June 2002 Olney et al., J Nutr. 139(4): 763-772, 2009 [14]
N = 270
Coastal East Africa
83.80% 6-40 months Bagamoyo district, Premji et al., Trop. Med. Parasitol. 46: 147-53, 1995 [11]
N = 764 Tanzania
42.50% 1-11 months Kilifi south, Snow et al., Lancet 349: 1650-54, 1997 [19]
N = 511 Kenya
7-12% 4-12 months Manhica, Mozambique Mayor et al., TMIH 8(1): 2-11, 2003 [20]
N = 1875
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ACT, a mass effect of the new drug as observed on
Zanzibar Island [6] is not probable as an underlying
reason. Further underlying reasons could be present as
the same trend of decreased malaria transmission is
currently seen across a number of geographical loca-
tions in sub-Saharan Africa and yet not fully explained.
The micro-epidemiology on Pemba Island shows con-
siderable heterogeneity of incidence and, therefore, pre-
sumably also heterogeneity in transmission. Figures
w e r eb a s e do na na r e ao fa p p r o x i m a t e l y2 0s q u a r ek i l o -
metres in the centre of Pemba Island (see Figure 4). Sev-
eral countries have begun a serious move towards
malaria elimination [18] - a goal that only recently
became a realistic target. However, in order to plan rea-
listically the relative impact of the tools used for control
and elimination must be well understood in a variety of
settings including the micro-epidemiological context.
Surveillance and micro-epidemiology of malaria has
become increasingly important as pockets of malaria
remain despite the intensive efforts and success of the
malaria control programme [16]. The determinants of
these pockets - from the molecular biology of the para-
site to immunology of the human host need to be better
understood.
Pemba Island was previously considered holo-endemic
for malaria. The data collected in this study suggest that
the transmission situation on Pemba Island was signifi-
cantly lower in 2003-2005 suggesting a hyper-endemic or
meso-endemic transmission environment. These figures
were obtained just before the onset of the highly successful
malaria control intervention by impregnated bed nets and
IRS on the Zanzibar Archipelago and provide robust esti-
mates of the malaria transmission situation prior to the
control programme. Together with other published data,
these results suggest that malaria transmission had started
to decrease before the onset of the control programme.
The local heterogeneity in malaria incidence highlights the
importance of a micro-epidemiological approach in the
context of malaria control and elimination.
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